Purpose: To report the anatomical and functional outcomes of surgery for retinal detachment associated with chorioretinal colobomas. Methods: In this retrospective interventional case series, 28 eyes of 28 patients (including 18 male subjects) who had undergone surgery for retinal detachment associated with chorioretinal colobomas were evaluated regarding the type of intervention, final visual acuity and anatomical outcomes, as well as complications. Cases with less than 3 months of follow-up were excluded. Results: Primary surgery included vitrectomy in 25 (89.3%) and scleral buckling in 3 (10.7%) eyes. The internal tamponade used in eyes undergoing vitrectomy was silicone oil in 23 (92%) eyes and 20% sulfur hexafluoride (SF6) in 2 (8%) eyes. Silicone oil was removed in 11 eyes (45.8%). The mean number of operations per eye was 1.57±0.74, mean follow-up was 40±36 months, and the retina remained attached in 26 eyes (92.9%) at final follow-up. Mean preoperative visual acuity was 2.33±0.55 (range, 1.15-2.9) logMAR which significantly improved to 1.72±0.9 (range, 0.09-3.1) logMAR postoperatively (P < 0.001), however, final median visual acuity was counting fingers at 2 m. The most common complications were cataracts (100%) and ocular hypertension (46.4%).
INTRODuCTION
Coloboma is a congenital defect of the eye caused by improper closure of the embryonal fissure. This condition occurs in 0.14% of the general ophthalmic population. 1 Retinal detachment (RD) has been reported to occur in 8-50% of these patients. 2 If RD is secondary to retinal breaks outside the colobomatous area, it can be treated by scleral buckling; however, when the coloboma is etiologically responsible for RD, 3 management options are different. 4 Outcomes of surgery for RD accompanying a chorioretinal coloboma are not as satisfying as that in the general population. Anatomical success rates of surgery in such eyes range from 40% 5 to 100% 6 . Anatomical alterations in colobomatous eyes such as retinal thinning, staphylomatous and thinned sclera, and involvement of the disc and macula, as well as lack of choroid and retinal pigment epithelium make the operation technically difficult and hence the prognosis less satisfactory. 1 In this study, we report the method of operation, as well as anatomical and functional outcomes in eyes undergoing surgery for colobomatous RD.
METHODS
This retrospective study was based on existing data of patients with RD accompanying a chorioretinal coloboma who underwent surgery at two tertiary ophthalmic referral centers in Tehran, Labbafinejad Medical Center and Imam Hossein Medical Center, over a period of 10 years from 1997. The study was approved of by the Review Board/Ethics Committee of the Ophthalmic Research Center. Any patient with less than 3 months of follow-up was excluded.
Patient demographics, pre-and postoperative examinations, and the type of surgery, as well as postoperative complications were recorded in the data sheet. Snellen visual acuity (VA) was recorded and converted to logarithm of minimum angle of resolution (logMAR) for statistical analysis. Ophthalmic examinations included slitlamp and indirect ophthalmoscopic examinations. Intraocular pressure (IOP) was measured by Goldmann applanation tonometry. Anatomical success was defined as stable retinal reattachment posterior to the band or buckle.
Statistical analysis was performed using SPSS software (version 15; SPSS Inc., Chicago, USA). Qualitative variables were described using percentages; quantitative data were defined using means and standard deviations. The paired t-test was used for comparing preand postoperative values. In order to compare median VA in patients with different degrees of colobomatous involvement, the Kruskal-Wallis test was used. Level of statistical significance was set at 0.05. presentation. Retinal breaks were detected in 10 eyes (35.7%) preoperatively; 3 of these eyes underwent SB and 7 others (including giant tear, dialysis and multiple breaks, each in one eye) underwent vitrectomy. Preoperatively, proliferative vitreoretinopathy (PVR) grade C was present in 12 (40.8%) eyes. Ten eyes had posterior PVR only, involving 12, 9, 6, and 4 clock hours, respectively, in 1, 2, 4, and 3 eyes. The other two eyes had only anterior PVR in 6 and 3 clock hours.
RESuLTS

Data
Three patients (10.7%) underwent primary SB surgery (two with silicone tire No. 276 plus band No. 240, and one with a 180 degree circumferential sponge No. 507). One of these three patients experienced retinal re-detachment secondary to PVR and underwent lensectomy plus vitrectomy with C3F8, followed by repeat vitrectomy with silicone oil (SO) tamponade.
Twenty-five eyes (89.3%) underwent vitrectomy, of which, two had previously u n d e r g o n e S B s u r g e r y a t o t h e r c e n t e r s . Vitrectomies were performed in a standard fashion employing a three-port 20-gauge pars plana approach. Encircling band (No. 240) placement and pars plana lensectomy (including lens capsule removal) were performed in association with vitrectomy in 92% (23 eyes) and 90.9% (20 of 22 of phakic eyes), respectively. Intraocular lens removal was performed in two eyes. All eyes underwent intraoperative laser therapy around the colobomatous area and retinal breaks followed by air/fluid exchange. In three eyes, retinal breaks were detected during the operation. Intraocular tamponade included 20% sulphur hexafluoride (SF6) in 2 (8%) eyes and SO in 23 eyes (92%).
Retinal reattachment was achieved in all eyes at the end of the procedures and in the early post-operative period. Overall, the mean number of procedures (including SO removal) was 1.57±0.74 for each eye; 16 eyes (57.1%) underwent surgery once, 7 eyes (25.1%) were operated twice, and 5 eyes (17.8%) required surgery three times.
SO removal was performed in 11 of 24 eyes (45.8%). The reasons for retaining SO (13 eyes) were surgeons' preference (11 eyes) and patients' non-compliance for removal (2 eyes). SO removal resulted in retinal re-detachment in 3 eyes. All 3 eyes underwent repeat vitrectomy with SO tamponade which was anatomically successful. Retinal re-detachment occurred in two eyes with SO in place. Re-operation was not scheduled for them due to poor visual prognosis.
Mean preoperative VA was 2.33±0.55 (range, 1.15 to 2.9) logMAR which significantly improved to 1.72±0.9 (range, 0.09 to 3.1) logMAR postoperatively (P<0.001). Maximum and minimum preoperative VA was counting fingers at 3.5 m and light perception, respectively; these improved to 20/60 and no light perception after intervention. The change in median VA from hand motions to counting fingers at 2 m after the operations was also significant (P=0.001).
The distribution of Snellen visual acuity based on the site and extent of the coloboma is presented in table 3. Final median VA in eyes without colobomatous involvement of the disc and macula (counting fingers at 4 m) was better than eyes with disc colobomas (counting fingers at 2.5 m) and those with disc and macular colobomas (light perception and hand motions). The difference in final VA among these three categories was statistically significant (P=0.01).
Eventually and with a mean follow-up duration of 40±36 (range, 3 to 105) months, the retina remained attached in 26 eyes (92.9%) and detached in 2 eyes (7.1%). The retina remained attached in the two eyes for which SF6 was used for internal tamponade. 
Postoperative Complications
Two patients undergoing SB were phakic and the crystalline lens was preserved in two patients in the vitrectomy group. Cataract progression was observed in all 4 eyes necessitating cataract surgery in 2 eyes. The encircling band was removed in one eye because of band extrusion.
Of 3 eyes initially undergoing SB, IOP rise occurred in the only eye requiring vitrectomy plus C3F8 injection. In the vitrectomy group, 12 eyes (48%) developed high IOP necessitating the use of glaucoma medications. The tamponade used in these eyes was SF6 in 2 and SO in 10 eyes. Of the latter 10 eyes, five had retained SO but the other five had undergone SO removal 4 to 20 months after the procedure, when IOP rise occurred. IOP was controlled with medications in 8 eyes including the two eyes with SF6. However, the glaucoma was refractory to medical therapy in 4 eyes including 2 eyes with removed SO and 2 with retained SO. Of these 4 eyes, 2 with 20/120 and counting fingers at 3m vision underwent glaucoma surgery. The other 2 eyes were not expected to regain useful vision (one with light perception vision and one with recurrent RD) and were thus only observed.
DISCuSSION
Mean follow-up in this study (40 months) was longer than that of some other large studies ( [9] [10] [11] . These studies however, included only vitrectomized colobomatous eyes while excluding eyes undergoing SB. The favorable anatomical success rate in our study reveals that despite the presence of distinct abnormalities, outcomes of vitrectomy with SO tamponade in colobomatous eyes is as good as their noncolobomatous counterparts.
The present study demonstrated that despite a good anatomical success rate and significant visual improvement, final visual acuity was not satisfactory. Visual acuity equal to or better than 20/400 was achieved in only 35.7% of operated eyes in the current series, however, this level of vision was reported in 69.9% 5 and 78.4% 7 of cases in two large studies reporting on 85 and 42 cases. Such discrepancy may be due to a larger number of eyes with disc and macular colobomas or late referral. Colobomatous involvement of the disc and/or macula is a crucial prognostic factor in terms of functional outcomes. In the current study, final median VA was significantly better in eyes without disc and macular involvement. Final median VA in our study was counting fingers at 2 m which was less than that reported by Pal et al 7 (20/200). Although SB can be considered as a treatment modality in eyes with colobomatous RD, 12 . There has been a decline in the trend toward SB operations in colobomatous eyes; however, in case of a definite peripheral break, SB may still be considered as the first choice. 7 Encircling SB was the preferred method in only 3 out of 28 eyes (10.7%) in our study.
The preferred surgical procedure in our study was vitrectomy in 89.3% of eyes. The possibility of finding breaks is higher with vitrectomy. Vitrectomy with SO tamponade was successfully employed for colobomatous RD for the first time in 1983.
14 Since then, it has frequently been used by different experts. 4, [8] [9] [10] All eyes in our study, except those with previous SB surgery, received an encircling band at the time of vitrectomy. This procedure has been used in fewer cases in similar studies. In the study by Gopal et al 4 , 82.4% of vitrectomies included an encircling element. Without referring to any statistics, the authors concluded that placing an encircling band had no beneficial effect. In the report by Pal et al 7 , only 38% of eyes received an encircling element.
Lensectomy was performed in 90.9% of phakic eyes in our study. Lensectomy in addition to vitrectomy was performed in 71.4% 7 and 83.5% 5 of eyes with colobomatous RD in two other reports. To achieve good visualization during vitrectomy, removal of a cataractous lens is necessary. It may also help the surgeon trim the vitreous base and facilitate management of pathologies in this area. The only two eyes that remained phakic during vitrectomy developed cataracts later. This highlights the preference of lens removal during vitrectomy in colobomatous eyes. In this study, the surgeons did not intend to preserve the lens capsule. The rationale was to achieve higher success rates in such complicated eyes, of which many suffered from PVR as well. Additionally, because of poor visual potential, preservation of the lens capsule may have been unnecessary for simultaneous or future implantation of an intraocular lens.
S i l i c o n e o i l h a s b e e n p r e f e r r e d f o r tamponade in colobomatous RD repair by most surgeons. 4, 5, [8] [9] [10] In the study by Gopal et al 5 , it was used in 80 of 85 eyes (94%); 3 of the 5 eyes who received gas at the end of the operation, experienced a retinal re-detachment. The authors concluded that gas is not a suitable tamponade because these eyes require a long effect over the entire edge of the coloboma. Nonetheless, the authors of another study recommend longacting gas tamponade (C3F8) if the eye does not demonstrate severe proliferative changes. 6 In our study, only two eyes were treated by SF6 and neither developed retinal re-detachment. However, it should be noted that neither our study nor others, had enough power to compare the use of SO versus gas during vitrectomy for colobomatous RD.
Silicone oil removal was performed in nearly half of our patients which is comparable to other studies. 5, 7 Retinal re-detachment occurred in 3 (27.3%) out of 11 eyes undergoing SO removal. In other reports, corresponding rates have been 10% 7 and 15.6% 5 . Considering the 18.4% chance of retinal re-detachment after SO removal in non-colobomatous eyes 15 , it might be concluded that a coloboma per se is not an additional risk factor for retinal re-detachment following SO removal. The rate of retinal re-detachment in eyes with retained SO in our study was similar to another study reporting it at 11.9% due to progressive PVR. 7 Most eyes underwent lensectomy during vitrectomy. Cataract progression occurred in all eyes which had remained phakic after the operation (vitrectomy or SB). Increased IOP was another common complication in our patients which occurred in 46.4% of vitrectomized eyes and was controlled with medications in most cases. In 14% (4 out of 13 cases), the glaucoma was refractory to medical therapy. The rate of IOP rise in the current study was more than other reports (16.3% 5 and 11.9% 7 ). This difference may be due to different timing for SO removal because SO emulsification has been considered as an important risk factor for IOP rise. SO removal has been recommended 6-8 weeks postoperatively in such cases. 5 The shortcoming of this study is its retrospective nature. In addition, we were unable to compare vitrectomy with SB, and SO versus gas in the management of colobomatous RD.
This retrospective study adds more data to the literature regarding the preferred surgical options, as well as visual and anatomical outcomes of RD repair in eyes with chorioretinal coloboma. Based on this report and similar studies, vitrectomy with SO tamponade may be a good choice for management of colobomatous RD. Despite an acceptable anatomical result, the functional outcome is rather poor which reflects involvement of vital structures in the eye as well as amblyopia. Ocular hypertension is a complication that deserves careful pre-and postoperative evaluation.
